Abstract-This research proposes a methodology for studying the behavior, identifying the problems, and recommending the improvement guideline of the healthcare operations. The methodology applied the mutual benefits of the prominent techniques: discrete-event simulation (DES) and lean thinking. Its application is demonstrated by a case study at the out-patient surgery department (OPSD) of the Health Science Center, Burapha University. To improve the OPSD operations, increasing the number of orthopedic physicians from 2 to 3 and re-managing the schedule of all the orthopedic physicians are recommended. As the results, the OPSD operations are improved by reducing the average patient turnaround time (ATT) and average patient waiting time (AWT) 11% -23%.
improvement such as Statistical Process Control, Operations Research, Simulation, Lean Thinking are extensively applied to solve healthcare operations problems [4] [5] [6] . Computer Simulation has been applied extensively in many areas beyond the manufacturing system such as service, healthcare and public service. With the advantages of Computer Simulation, healthcare operations can be simulated, analyzed, and answering the "what-if" questions [6] , [7] . Computer simulation commonly used in healthcare is Discrete-event Simulation (DES) with important characteristics as dynamic, randomness, variability, and uncertainty [4] , [8] [9] [10] . Another technique that has been applied in healthcare since the end of 1990 is Lean Thinking [11] [12] [13] [14] . Reference [15] pointed out the appropriation of applying lean thinking to healthcare. Lean thinking gives customers the first priority emphasizing on quality, safety, and creating confidence to organization staffs. The most important advantage of lean thinking over other techniques is that it provides practical tools and steps that are applicable and not complicated.
This research aimed to develop the methodology for improving the healthcare operations. The methodology applied the mutual benefits of DES and Lean thinking to study healthcare system behavior, and to identify root causes of the problems and recommend the real time improvement for the healthcare. This research used the out-patient surgery department (OPSD) of the Health Science Center, Faculty of Medicine, Burapha University to be the case study for operation improvement, and move forward to lean enterprise as a result. In this paper, literature reviews of DES and Lean Thinking for the healthcare are presented in section 2. Section 3 presents the proposed methodology to improve healthcare operations. Section 4 presents the results of an application to the case study. The last step presents conclusion and recommendation.
II. LITERATURE REVIEW

A. Discrete-Event Simulation
Discrete-event simulation (DES) is a technique concerning the modeling of a system as it evolves over time by a representation in which the state variables change instantaneously at separate points in time [10] . In general, DES includes 7 steps which are: 1) studying work system and creating conceptual model, 2) creating basic simulation model, 3) verifying and validating the model, 4) testing the model, calculating replications and analyzing results, 5) identifying problems and proposing improvement guidelines, 6) adjusting the model, 7) proposing the optimal guidelines [10] . The DES has significant advantages over other techniques in that: DES is capable to define attributes of interest as desired; it takes account of randomness, variability, and uncertainty; it is highly flexible for model developing; and it is provided in available and cost effective software [4] . With these advantages, DES has been extensively applied in healthcare environments [16] , [17] . However, DES by itself has limitation in identifying the problems and their causes. It also lacks of hand-on improvement tools. Moreover, application of DES in healthcare is still unacceptable among the healthcare practitioners [4] , [18] . Therefore, in practice, it needs other practical improvement tools to be used in conjunction with DES [19] .
B. Lean Thinking
Lean simply means creating more value for customers with fewer resources. The ultimate goal of Lean is to provide perfect value to the customer through a perfect value creation process that has zero waste. Lean thinking is a philosophy of management that focuses on process improvement and changes management, which can be used to identify and eliminate waste in any activity performed within a facility [20] . Lean thinking has been initially applied to healthcare in the USA since 2002. This approach was further adopted in EU and Australia to improve healthcare organization [21] [22] [23] . Reference [24] proposed 5 principles of lean thinking which are: 1) specify the value desired by the customer; 2) identify the value stream for each product/service; 3) make the product flow continuously; 4) introduce "pull" between all steps where continuous flow is impossible; 5) manage towards perfection. Although applying lean thinking to healthcare provides tremendous benefits, there are still the obstacles. In order to apply lean thinking, healthcare participants should clearly understand its concept; otherwise they can misuse lean tools, which finally affect the perfection flow of the healthcare operations [21] , [22] . It would be an opportunity to this research to develop the methodology that provides mutual benefits of DES and lean thinking to analyze and find the optimal solutions to improve healthcare operation.
III. RESEARCH METHODOLOGY
This paper presents an integrated research methodology from 7 steps of DES [10] , [19] and 5 steps of Lean thinking [13] , [14] in order to propose the optimum improvement guidelines, which is adaptable and facile to be applied with the out-patient surgery department in healthcare service system. We create research methodology structure that contains 5 steps as shown in Fig. 1 .
Firstly, when roughly comparing the steps of DES and Lean thinking, there are many noticeable differences. However, after the details of each step in DES and Lean thinking were thoroughly studied, we can find similarity of these two concepts. Therefore, we integrate the steps of these two concepts by considering their weaknesses and strengths. By doing so, the weakness of one concept will be complemented by the strength of the other concept. In this research, the methodology can be divided into 5 steps. The first step was developed based on the first steps of DES and Lean thinking. Steps 2-4 in this research were based on Steps 2-4 of DES. The fifth step in this research was the combination of Steps 5, 6 and 7 of DES and Steps 2-5 of Lean thinking. Each step has its own output for monitoring the research application and tracking progress in the implementation of healthcare service organization, and the output from each step will lead to action in the next step. Structure of the research methodology is shown in Fig.1 .
Step 1 Study work system operation, Define Value and Create conceptual models
In step 1, the research methodology was developed by integrating the first step of DES with the first step of Lean thinking due to the similarity of working methods of these 2 steps. The first steps of DES and Lean thinking give different output information which can be further used in the step of model development. Output from DES is the details of work system and data collected for computer modeling. The output from Lean thinking is the value and key performance indexes (KPIs) defined for non-value-added activity identification and value stream mapping (VSM) creation.
To accomplish step 1, the following actions must be done:
1. Studying processes, workstations and operator working hours, 2. Defining value and KPIs, 3. Studying flow of value, 4. Studying layout of work system, 5. Collecting necessary data for computer modeling, and 6. Creating conceptual models. The output from this step will be shown in the form of Conceptual models.
Step 2 Create basic simulation models In step 2 of this research methodology, we directly mimic the second step of DES because integrating Lean thinking with this step will not gain performance advantages for DES. The Basic simulation models of work system were developed by using ARENA Rockwell Software Version 13.0 (ARENA), since ARENA is capable of simulating many fields of work system such as transportation, manufacturing etc. Moreover, ARENA has a function for calculating statistical behavior of group sampling called Input Analyzer that has input variables in form of stochastic variables. The basic simulation model is developed based on work system logic shown in Conceptual models from step 1.
Step 3 Verify and validate simulation models Similar to step 2, step 3 is also mimicked from the third step of DES. This step is a significant step for all simulation model development to ensure that the results from the developed models are correct and usable. Reference [19] showed 4 methods of verification which can be performed at any step and 2 steps of validation which were recommended to perform at every step. The model from this step is called Current state models.
Step 4 Test current state models, Calculate appropriate replications and Analyze results
In this step, we also mimic the forth step of DES because of the same reason as that in the 2 previous steps. This step will reduce variation of the result from the models to acceptable 
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Step 5 Identify problems and root causes and Propose improvement guidelines
In step 5, we integrate the fifth, the sixth and the seventh step of DES with the second, the third, the forth and the fifth step of Lean Thinking. DES steps focus on result analyzing and model adjusting to propose the optimum guidelines while Lean thinking steps focus on work system improvement with Lean tools. The 5 th step starts with creating VSM to identify VA and NVA, eliminating NVA by monitoring the work system; removing division boundary; using Kaizen and Kaikaku; applying pull system; and proposing ideal state VSM. Different from step 1, we integrate all these steps by considering the similarity of each step and practicability in healthcare service system application. For practicability, some researchers claimed that NVA elimination method by removing division boundary is harder to apply in healthcare than manufacturing application. Applying the whole pull system in healthcare service system is also difficult to succeed, thus, there is a need to maintain push system in some processes [6] , [25] .
In the integration part of this step, we use the fifth step of DES as a basis for development. Then, actions in Steps 2-4 of Lean thinking were included to enhance DES performing ability. Afterwards, the action in the sixth step of DES was directly performed before integrating the seventh step of DES and the fifth step of Lean Thinking. The objectives of the last steps of both DES and Lean thinking are the same, which is to propose the optimum improvement guidelines for healthcare service system. Therefore, after analyzing and interpreting results from state model improvement, the output from this step is Ideal state VSM and it is also the output of this research methodology.
IV. APPLICATION OF RESEARCH METHODOLOGY AND RESULT
This section shows sample outputs from each step afore. Although there are 7 outputs shown in Fig.1 , this section explains only key outputs for implementing in healthcare service organization. We apply this research methodology with healthcare service organization as our case study to evaluate the methodology. Our case study is Out-patient surgery department (OPSD) of Health science center, Faculty of Medicine, Burapha University in Chonburi, Thailand. OPSD provides services for 2 types of outpatient, patient having appointment (APP) and patient without appointment (UNAPP), which includes new patients during 08.00 am to 4.00 pm. There are 3 types of diagnostics in OPSD; orthopedic surgery (ORT), urology surgery (URO), general surgery (GEN). OPSD is capable of accommodating about 1,000 -1,500 patients per month with 14 staffs consisting of 4 physicians; 2 in ORT, 1 in URO and 1 in GEN; 4 nurses and 6 operators. OPSD has 6 workstations and 11 processes.
A. Current State Models
Current state models are the outputs from step 3 that were developed from conceptual models from step1 by using ARENA to simulate the system. In fact, output from step 2; Basic simulation models; and output from step 3; Current state models; are similar except that the Current state models in step 3 were the Basic simulation models after verification and validation by the method in section 3 as explained earlier.
First of all, the significant and must not mistake starting point of the research methodology is value definition. Value we defined in OPSD work system is patient satisfaction. Wherewith this value is intangible as characteristics of service system [26] , KPIs have to be defined in term of value impacted. Therefore, we define the average patient turnaround time (ATT) and average patient waiting time (AWT) as KPIs. Then we use check sheet to collect data for Conceptual models and Current state models in the steps forwards.
As above, Conceptual models as the prototype of Current state models are developed by using 2 engineering tools which are Flow process chart and Spaghetti diagram. The first Conceptual models from Flow process chart explain flows of each patient types and relationship between processes and workstation in OPSD. The second from Spaghetti diagram explains patient flows between workstations in OPSD layout. Then we use system logic from both Conceptual models and input data from step 1 to create the Basic simulation models. After the verification and validation steps, Current state models are ready to be used as shown in Fig.2 .
B. Current State VSM
Current state VSM as the output from step 5, as shown in Fig.3 , would subsequently lead to Ideal state VSM. We create the Current state VSM using the results from Current state models from step 4. Current state VSM contains all patient flows and KPIs including important variables useful for identifying problems and root causes. We select the important variables by discussing with the experts in OPSD and researchers, and reviewing past researches.
As shown in Fig.3 , Current state VSM is mainly used to identify problems in OPSD system in term of waiting time, waiting numbers and resource utilization. In this VSM, many problems are found. By using Pareto principles for screening these problems, they are categorized into 2 main problems; 1. average waiting time in front of diagnostic rooms, and 2. average waiting time in front of classification and fundamental diagnostic station. After considering the KPIs, the first problem is 58.83% and 44.83% of AWT in patient with appointment and patient without appointment, respectively, while the second problem is 32.33% and 48.83% of AWT in patient with appointment and patient without appointment, respectively. Summations of the percentages of these 2 problems are higher than 80% of AWT. Thus, we choose to improve the processes at the diagnostic rooms and at the classification and fundamental diagnostic station to solve the problems.
A combination between Cause and effect diagram (Fishbone Diagram) and Why-Why analysis is used to define root causes of the problems above by brainstorming with the experts in OPSD. The results show 9 root causes, which can be divided into 3 groups; 1) patient behavior, 2) inappropriate system and layout design, 3) inappropriate resource allocation. After brainstorming with the experts in OPSD, we choose to solve the causes in group 3 which consists of 3 causes; 1) Physician schedules are not in line with patient arrival, 2) No particular operator is in charge of moving patient, 3) Number of operators in rush hour is inadequate with patient treatment needs. It is highly possible to improve the OPSD system by getting rid of this group of causes than other groups in term of cost, time and human resources.
We propose an improvement by increasing the number of orthopedic physicians from 2 to 3 and re-managing the schedule of all orthopedic physicians. As shown in Fig.3 An improvement proposed above does not affect the policy and system logic of OPSD, as well as processes, workstation and patient flows. These are reasons that Ideal state VSM is not different from Current state VSM in system logic and flows, except for KPIs: ATT and AWT. These KPIs are shown in Table II including waiting time in front of ORT diagnostic rooms to ensure that the improvement is effective. Table II shows a significant decrease in waiting time in front of ORT diagnostic rooms about 57%-61% shorter and this improvement also affects KPIs. AWT is decreased about 11%-16% and ATT is decreased about 14%-23%. Even though the decrease of wastes in OPSD as AWT is less than the decrease of ATT about 3%-7%, this still shows that the improvement is effective, and also shows that the research methodology proposed in this paper meets the objectives. With limitations of writing and unchanged OPSD system logic, we choose not to show the Ideal state VSM in this paper.
V. CONCLUSION AND FUTURE RESEARCH
In this paper, we present a research methodology for studying the behavior of work system, identifying the problems and their root causes in the process, and proposing the improvement guideline to continuously improve the healthcare service. The objectives of this research methodology, as in the introduction, are to study healthcare system behavior, to identify root causes of the problems and to recommend the real time improvement for the healthcare operation. All of these can be done by integrating 7 steps of DES with 5 steps of Lean Thinking. The research methodology consists of 5 steps and each step has its own output for monitoring the application of each step in the methodology and tracking progress in healthcare organization. We use OPSD as our case study for evaluating the research methodology and outputs are satisfactory in our point of view. The improvement guideline proposed in step 7 of the research methodology can reduce KPIs which are ATT and AWT about 11%-23%. This guideline might not show dramatic improvement but when considering specifically in individual improvement tasks and processes, the percentage of change is about 55%-60%. The main reason that the OPSD operation can be improved dramatically is because the root causes of the problem in OPSD system was analyzed and solved.
We found that many researchers use DES in term of decision making tool in past researches by creating alternatives for improvement guidelines. Thus, in the future research, we can apply DES in this manner, also with Lean thinking as in the proposed research methodology, with other engineering tools for proposing a comprehensive improvement in healthcare service organization.
